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IMPROVED ACTIVATION ANALYSIS OF TRACE
ELEMENTS IN FRESH WATER SOLIL3

ABSTRACT

Trace elements 1ln water or solids easn he edslly determined
after neutron metivetion with the high-resclution lithium-drifted
germanlum defecter snd gamme-gamma colncldence aguipment. The
gamma energles are determined more preclsely by the germanium
detector than ig possible with sodium iodide detectors, Observed
aotivities gre ildentified by comparing them with the xnown degsy
characteristics of radicactive nuclides, The calceculations do
net requirs computers, and the number of chemical separaticns
is reduged. Thlas teshnlgue waeg uzed to determine, without
c¢hemloal sepsratlon, sodlum, bromine, areenle, shronium, iron,
eobalt, gcandium, lanthanum, 2nd zine in partioulate and evaporsated

flltrate 1imnolegloal eamples,
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INTROQDUCTION

Trace elements can be accurebely determined with neutron
activetlion analyels., Methods for analyzing marine opganlsms heve
been reviewed by Fukai and Meirnke {1559 end 1962), Wethods for
snalyzing water for trace metale have been compared by Hume [1367),
Neutron activetion services, for a2 aimple irradisiicn to the
gomplete determination of complex samplee, sre now available
cummerclally; 21 companles offering esuch services have been
listed by Lyon and Miller (1967},

Mest asntivation methode qugntitatively determine the gammsas
emltted by the nuclides of intereet, Interferences in complex
gamma spectra can be minimized by electronicelly or mathematicelly
gubtracting known apeotra froem the gample epectrum -- denocted
"speatrum atripping" -- and by chemically separating the mixture
of nuglides. Both methods masaume that the ccomponents of the
mixture are knownji nelther 1ps ideal for all mixtures. Activetion
techniguee may becone more appllicable either by Improving the
chemical separation techniques or by improving the resolution of
the garmma detectloh syetem. The high resclution of the lithlum-
drifted germanium detector improves the resolution,

Thig paper demonstratee the advantages of lithlum-drifted
germanium, Ge(Ll}, detectors, both alone and in confunction with
sodium iodide, NaI(T1l), detectors for gommes-gamma ccinglidence
mesgureinents. A& description of the Ge{li) detector system is
given by Camp (1967). The high resclution (4% kev or better} of
theee detentors permite resolution of moet of the gammas in

gcetivated samples; tThe energy and count rate of esagh photopeak can
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be enplly ocaleulated, With gamma-gamma colneldenge technigues,
the nbae?ved gammz energles can be assigned to particulsry
nuclides, and absolute ocuribting 1s pomsible (S8fegbahm 15657,

This paper presents techniques forv determining trace elements
in selid semples obtained from 8 fresh water pond, Sodium, bromine,
greenle, 1lron, cobalt, ohromium, scandium, lanthanum, and zinec

were determined simulteneously wilthout ohemisal gapgration,
EXPERIMENTAL

Inatrumente and Detsctopy

Go{li) and NaI(Tl) gamma detectors were used. The Ge{Li)
detector wae manufactured by Isotopes, Ine, It 1s an 8 em2 by
10-mm-thick planer detector with & 3.7 kev resolution for the
1.3 Mev peak., The detector 1s gooled by liguid nitrogen; howaver,
the flret-stage f1eld effect transietors in the preamplifier are
&t room temperafure, The resclution could be ingreased by
cooling Che translatore, as reported by Cline (1967)., The two
detactors used for the gamms ~gamma colnoidence mezepurements were
3-inch-diemeter by i-inoh-Ioeng NeI{T1).

4 4096 channel anelyzer, Nuelear Data, Ine., with a dusl
4096 ohannel analog-to-dlgital conventer (ADC) wae used. A Tenneleo
TC-200 smplilfier was used with the Ge{Li) debeotor. The dual ADC
presented fthe aoineidence data from bath.NaI{TJ] detectors to the

analyzer; thus 21l peincidence data were available at ome time,

Sample Preparation end Irradisticn

The mamples were sclide filtered or evaporated from a Trash

water pond, They were ashed to remove orgenie matter, welghed,
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gnd wrapped In sluminum foll for irredistion., Pleces of the
aluminum foll were alsc lrradisted as blenke beeauss the sclids
were not removed from the foil befqrg sounting, Eomalbrnminu
or arsenlc actlvlity may volatilize in ashing; however, this
posaibllity was not investigeted,

The samples were placed in a water-tight eluminum ecapeule
and irrsdiated in a reactor to about 10L7 neutrons/cm?, Exposures
»>1037 n5utrunaXamE woilld he requirsed to inerezse the sensitivity
of the method so that elemente with half-Ilives prester than 48

hours aould be determined, Beoaume of the high 2%Na activity
induced inh the sluminum capsule, the samples decayed for six days

befonre they wers counted,

Qbeserved Gamma Spectrs

The energles and assigned nuclides of the cbserved gamma
peaks are listed Iin Table 1, The nuelide asslgnmente were based
on published decay sohemes (Lederer, Hollander, and Perlman 1967),
half-livea, and known gasurence in nature, The pealkka in low
gbundance were not assigned,

The gemme spectra of an evapormted filtrate, which hed decayed
seven days, &re ghown 1n Figure 1. The two epectra 1llustrate the
advantage of the 3,7-kev resalutiah of Ge(LL) vver the 60-kev
resolution of NaI{Tl) detectors., Even after seven days of deocay
2%Na and 82Br are gtill predominant, The 82py peak &t 0.554 Mev
18 about the same height zs the 52Br peak at 0.777 Mev, However,
the obeerved peak at 0,554 Mev wae higher than that at 0.777 Mev
whish indicated the presence of mn additionzl nuglida. The

unresclved ruclide was deduced to be TERE.
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& gamma-gemma oolnoldence speetrum of the evaporated flltrate
semple used In Figure 1 wee made six and meven days after resctor
discharge., 'The spectrum in Flgure 2 was taken alx daye after resctor
discharge snd shows that the 1,27 Mev gemma 1lg in cocincldence with e
2.7% Mev gamma, The decay echeme, shown in Figure 3, indicstees that
Euﬂa hae these deoay ocharacterdstiocs. The colneidence epegirum
taken after peven days of deomy, Flgure 4 5 snd B, shows that the
C.777 Mev gamma is in colnecidence with 0.55%, 1,045, end 1,320
Mev gammase, end aleo the 0,554 Mev gamma l1e in oclneidence with
the 1,320 Mev gemma, The decay seheme in Flgure 5 Indleztee that
BEBT has these decay cherscterlstlcs, Other nuelldes are I1denti-
fled by pamms energles, half-lives, and the known natural cocurence
of preocursors in the activetlon reantion,

The gamma apectra of a particulste sample mre shown In Flgure £,
The eoincidence spectrum after peven days of decay 1s elmilar o
Flgure 4 becauyss 8EEr is 3till &8 major contributor., The colncidence
of 0,487 and 1,556 Mev gammas conflymed the presence of 14014, The
golneidence spectrum affer twenty days decay, Flgure 7 & &nd B,
showe thet the 0,889 Mev gammas are in colnoldence with the 1,120
Mey gammaa, and the 1.173 Mev gammse are in coihncldence with
1.532 Mev gammae, These colneldence gammas are assigned to uESG

and 5000, respeotively,
CALOULATIONS AND RERULTS

Calcoulations from Counting Data

The disintegration rate of each nuolide was ocaleculeted from
the Ge(1l) data, BEach peak was téRen to be 20 kKev wide, and 1¢s

basaline wae taken 4o sxtend 10 kev on elther zide of the peak,
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The count rates for the peak areae were corrected for the baselline
sount rate. The counting efficlencles for the various energles

of gammae were determined by aounting callbrated 110“&5 and EDGn
pources., The branching ratios, half;liveﬁ, end abundsnces of

the gammas for esch nuclide were talken from Lederer, Hollander,
and Periman (1967). In the came of SAm, the 828r contribution

to the 0,55k Mev peak was caloulated, and 'CAs was reporved as

the difference, The 55Zn econcentration in Flgure & wae determined

in a eimllar fashion.

Irrgdisntion derlouletions

The method of ealeculsting the grams of naturally ccoourring
nualidéa In the semple ls given in "Aotivation Analysis Handbook"
by Koeh {1960). The thermal eross sections were algo taken from
the Handbook. &ince thie Irredistion was intended to determlne
the nuglides that were deteétable, comparative standards were
not run as they would be if ths methods were put inte routine
uae. The neutron expoeure wes determined by irradisting a known

smount of cobalt slong with the zamplen.

Reeults of Calculatlons

The results for ten samples, five particulate and five
evaporated flltrvate, are given in Teble 2, (The samples sre
fyom different depthe, and therefore not replicatee,) The
aongentretion 1s based on the welght of the solld esample after
ignition and net on the amount of water filtered. The accuraoy

or pracislon of the method were not determined.
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. BUMMARY AND CONCLUSIONS .

Thia ptudy Bhows ways 1n which the ugual neutron activaticn
analysls methods can be improved., Chemical separations for many
elements can be omltted 1f a high resclution de(Ii) detector and
en anglyrer with a lapge number of channels are uped., Nuclides
can be asplghed to obeerved gamme peaks easler by ueing & multli-
parameter analyzer and two gamme detectors to determine whieh
gemmes are ln coincldence, Thege Improvemsnte should reduce

eigniflcantly the number of men-houre required per snalysis,
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TABLE 1. Observed (Gamma Peaks and Ageignsd Muclides

kev nuclide _kev nuolide
31z B28 S2nn

320% 5igr 888+ 4634

330 140rq 1042 82py

336 1096+ 55Fe

347 1116% 65zn + 63,
312 1171 6000

hgre  1h0p, 1290 59re

o6 1317 82gp

K5 # 82py 4+ T6as 1331% 60¢,

620 82 136g% 2% e

ga7 8epy 1475 82py

T76% 82pp 1593 1407,

B15 825 1730 2hys (esoape peak)

* Peaks u'ae_d in the calculations for the given nualides,
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